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THIN- FILM TRANSISTOR AND METHOD OF MAKING SAME 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a thin-film transistor of a 
liquid crystal display and, more particularly, to a thin-film 
transistor having a gate including a double -layered metal 
structure and a method of making such a double -layered metal 
gate . 

Discussion of Related Art 

An LCD (Liquid Crystal Display) includes a switching device 
as a driving element, and a pixel -arranged matrix structure 
having transparent or light -reflecting pixel electrodes as its 
basic units. The switching device is a thin-film transistor 
having gate, source and drain regions. 

The gate of the thin- film transistor is made of aluminum to 
reduce its wiring resistance, but an aluminum gate may cause 
defects such as hillock. 

A double -layered metal gate, i.e., molybdenum-coated 







aluminum gate is considered as a substitute for the aluminum gate 
to overcome the problem of the hillock. 

To fabricate a double -layered gate, metals such as aluminum 
and molybdenum are sequentially deposited, followed by a 
patterning process carried out via photolithography to form 
resulting metal films which have the same width. Although the 
double -layered gate is desirable to overcome the problem of 
hillock, the resulting deposited metal films forming the double- 
layered gate are so thick that a severe single step is created by 
a thickness difference between the metal films and a substrate, 
thereby causing a single step difference between the substrate 
and the double -layered gate which deteriorates the step coverage 
of a later formed gate oxide layer. The source and drain regions 
formed on the gate oxide layer may have disconnections between 
areas of the source and drain regions which are overlapped and 
non-overlapped with the gate, or electrically exhibit short 
circuits as a result of contact with the gate. 

According to another method of forming the gate, each of the 
metal layers of Al and Mo form a double step difference with the 
substrate so as to improve the step coverage of the gate oxide 
layer . 
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FIGS. lA through IF are diagrams illustrating the process 
for fabricating a thin-film transistor of a method which is 
related to the invention described and claimed in the present 
application. The method shown in Figs. lA-lF is not believed to 
be published prior art but is merely a recently discovered method 
related to the invention described and claimed in the present 
application. 

Referring to FIG. lA, aluminum is deposited on a substrate 
11 to form a first metal layer 13. A first photoresist 15 is 
deposited on the first metal layer 13. The first photoresist 15 
is exposed and developed so as to have a certain width wl 
extending along the first metal layer 13. 

Referring to FIG. IB, the first metal layer 13 is patterned 
via wet etching using the first photoresist 15 as a mask so that 
the first metal layer 13 has a certain width wl . After the first 
photoresist 15 is removed, a second metal layer 17 is formed by 
depositing Mo, Ta, or Co on the substrate 11 so as to cover the 
first metal layer 13 . A second photoresist 19 is then deposited 
on the second metal layer 17. The second photoresist 19 is 
exposed and developed so as to have a certain width w2 extending 
along the second metal layer 17 and located above the first metal 
layer 13 . 



Referring to FIG. IC, the second metal layer 17 is patterned 
via a wet etching process using the second photoresist 19 as a 
mask such that the second metal layer 17 has a certain width w2 
which is narrower than the width wl of the first metal layer 13 . 
After formation of the gate 21, the second photoresist 19 is 
removed . 

Thus, the patterned first and second metal layers 13 and 17 
form a gate 21 having a double-layered metal structure that 
provides a double step difference between the double -layered 
metal gate structure 21 and the substrate 11. The formation of 
the gate 21 as described above and shown in Figs. 1-3 requires 
the use of two photoresists 15, 19 and two photoresist steps. 

In the gate 21 shown in Fig. 3, the second metal layer 17 is 
preferably centrally located on the first metal layer 13 . 
Although there is no specific information available regarding a 
relationship of wl to w2 of this related method, based on their 
understanding of this related method resulting in the structure 
shown in Fig. 3, the inventors of the invention described and 
claimed in the present application assume that the width 
difference wl-w2 between the first and second metal layers 13 and 

17 is larger than or equal to 4 /xm, that is, wl-w2 > 4 /xm. 



Referring to FIG. ID, a first insulating layer 23 is formed 
by depositing silicon oxide Si02 or silicon nitride Si3N4 as a 
single- layered or double -layered structure on the gate 21 and 
substrate 11, Semiconductor and ohmic contact layers 25 and 27 
are formed by sequentially depositing undoped polycrystalline 
silicon and heavily doped silicon on the first insulating layer 
23. The semiconductor and ohmic contact layers 25 and 27 are 
patterned to expose the first insulating layer 23 by 
photolithography . 

Referring to FIG. IE, conductive metal such as aluminum is 
laminated on the insulating and ohmic contact layers 23 and 27. 
The conductive metal is patterned by photolithography so as to 
form a source electrode 29 and a drain electrode 31. A portion 
of the ohmic contact layer 27 exposed between the source and 
drain electrodes 29 and 31 is etched by using the source and 
drain electrodes 29 and 31 as masks. 

Referring to FIG. IF, silicon oxide or silicon nitride is 
deposited on the entire surface of the structure to form a second 
insulating layer 33. The second insulating layer 33 is etched to 
expose a designated portion of the drain electrode 31, thus 
forming a contact hole 35. By depositing transparent and 
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conductive material on the second insulating layer 33 and 
patterning it via photolithography, a pixel electrode 37 is 
formed so as to be electrically connected to the drain electrode 
31 through the contact hole 35. 

According to the method of fabricating a thin- film 
transistor as described above and shown in Figs. lA-lF, 
respective first and second metal layers are formed through 
photolithography using different masks so as to form the gate 
with a double -layered metal structure, resulting in double step 
differences between the gate and substrate. 

As a result of the double step difference between the gate 
21 and the substrate 11 shown in Fig. IC, a hillock often occurs 
on both side portions of the first metal layer 13 which have no 
portion of the second metal layer 17 deposited thereon when the 
first metal layer 13 is wider than the second metal layer 17 as 
in Fig. IC. Another problem with this related method is that the 
process for forming a gate is complex and requires two 
photoresists 15, 19 and two steps of deposition and 
photolithography. As a result, the contact resistance between 
the first and second metal layers may be increased. 

Another method of forming a double metal layer gate 
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structure is described in "Low Cost, High Quality TFT-LCD 
Process", SOCIETY FOR INFORMATION DISPLAY EURO DISPLAY 96, 
Proceedings of the 16th International Display Research 
Conference, Birmingham, England, October 1, 1996, pages 591-594. 
On page 592 of this publication, a method of forming a double 
metal gate structure includes the process of depositing two metal 
layers first and then patterning the two metal layers to thereby 
eliminate an additional photoresist step. However, with this 
method, process difficulties during the one step photoresist 
process for forming the double metal layer gate resulted in the 
m top layer being wider than the bottom layer causing an overhang 

condition in which the top layer overhangs the bottom layer. 
This difficulty may result in poor step coverage and 
disconnection. This problem was solved by using a three-step 
etching process in which the photoresist had to be baked before 
each of the three etching steps to avoid lift-off or removal of 
the photoresist during etching. This three-step etching process 
and required baking of the photoresist significantly increases 
the complexity and steps of the gate forming method. 
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SUMMARY OF THE INVENTION 

To overcome the problems discussed above, the preferred 
embodiments of the present invention provide a thin- film 
transistor which prevents a hillock and deterioration of step 
coverage of a later formed gate oxide layer on a double metal 
layer gate. 

The preferred embodiments of the present invention also 
provide a method of fabricating a thin- film transistor that 
simplifies the process for forming a double metal layer gate. 

The preferred embodiments of the present invention further 
provide a method of fabricating a thin-film transistor that 
reduces the contact resistance between the first and second metal 
layers constituting a gate. 

Additional features and advantages of the invention will be 
set forth in the description which follows, and in part will be 
apparent from the description, or may be learned by practice of 
the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereof, as well as, the appended drawings. 

To achieve these and other advantages and in accordance with 
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the purpose of the preferred embodiments of the present 
invention, as embodied and broadly described, a thin- film 
transistor preferably comprises a substrate, and a gate including 
a double- layered structure of first and second metal layers 
disposed on the substrate, the first metal layer being wider than 
the second metal layer by about 1 to 4 fxm, and a method of making 
such a thin-film transistor preferably comprises the steps of: 
depositing a first metal layer on a substrate, depositing a 
Q second metal layer directly on the first metal layer; forming a 

^ photoresist having a desired width on the second metal layer; 

m patterning the second metal layer via an isotropic etching using 

M the photoresist as a mask; patterning the first metal layer via 

« an anisotropic etching using the photoresist as a mask, the first 

metal layer being etched to have a desired width, thus forming a 
Si gate having a laminated structure of the first and second metal 

\j layers; and removing the photoresist. 

These and other elements, features, and advantages of the 
preferred embodiments of the present invention will be apparent 
from the following detailed description of the preferred 
embodiments of the present invention, as illustrated in the 
accompanying drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in 
and constitute a part of this specification, illustrate preferred 

embodiments of the invention and together with the description 

/ 

serve to explain the principles of the invention, in which: 



FIGS. lA through IF are diagrams illustrating a process for 
fabri^ting a thin- film transistor according to a method which is 
rela/ed to the preferred embodiments of the present invention; 
\ / FIG. 2 is a top view of a thin-film transistor according to 
a preferred embodiment of the present invention; 

FIG, 3 is a cross-sectional view taken along line X-X of 
FIG. 2; and 

FIGS. 4A through 4F are diagrams illustrating a process for 
fabricating a thin- film transistor of preferred embodiments of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 




Reference will now be made in detail to preferred 
embodiments of the present invention, examples of which are 



illustrated in the accompanying drawings. 

FIG- 2 is a top view of a thin- film transistor according to 
a preferred embodiment of the present invention. FIG. 3 is a 
cross-sectional view taken along line x-x of FIG. 2. 

The thin- film transistor comprises a gate 4 9 having a 
double -layered structure of a first metal layer 43, a second 
metal layer 45 disposed on a substrate 41, a first insulating 
layer 51, a second insulating layer 61, a semiconductor layer 53, 
an ohmic contact layer 55, a source electrode 57, a drain 
electrode 59, and a pixel electrode 65. 

The gate 4 9 has a double -layered structure including the 
first and second metal layers 43 and 45 disposed on the substrate 
41. The first metal layer 43 is preferably formed from a 
conductive metal such as Al, Cu, or Au deposited to have a 
certain width wl . The second metal layer 45 is preferably formed 
from a refractory metal such as Mo, Ta, or Co deposited to have a 
certain width w2 , 

The present inventors have discovered that a relationship 
between the width of the first metal layer and the width of the 
second metal layer of a double metal layer gate electrode is 
critical to preventing deterioration of step coverage of a later 




formed gate oxide layer in such a structure having a double step 
difference between the substrate and the gate. More 
specifically, the present inventors determined that a structure 
wherein the first metal layer 43 is wider than the second metal 
layer 45 by about 1 to 4 ^m, for example, 1 /xm < wl-w2 < 4 ^m, 
provides maximum prevention of deterioration of step coverage of 
a later formed gate oxide layer in such a structure having a 
double step difference between the substrate and the gate. 

To achieve the best results, the second metal layer 45 is 
preferably positioned substantially in the middle of the first 
metal layer 45, so that both side portions of the first metal 
layer 43 which have no portion of the second metal layer 45 
disposed thereon have substantially the same width as e^ch other. 
The width of each of the side portions is preferably larger than 
about 0.5 fixn but less than about 2 ^m. 

The first insulating layer 51 is preferably formed by 
depositing single layer of silicon oxide Si02 or silicon nitride 
Si3N4 on the substrate including the gate 49. 

The semiconductor and ohmic contact layers 53 and 55 are 
formed on the portion of the first insulating layer 51 
corresponding to the gate 4 9 by sequentially depositing undoped 
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amorphous silicon and heavily doped amorphous silicon and 
patterning the two silicon layers. The semiconductor layer 53 i 
used as the active region of an element, thus forming a channel 
by means of a voltage applied to the gate 49. The ohmic contact 
layer 55 provides an ohmic contact between the semiconductor 
layer 53 and the source and drain electrodes 57 and 59. The 
ohmic contact layer 55 is not formed in the portion that becomes 
the channel of the semiconductor layer 53. 

The source and drain electrodes 57 and 59 are in contact 
with the ohmic contact layer 55, and each electrode 57, 59 
extends to a designated portion on the first insulating layer 51 

The second insulating layer 61 is formed by depositing 
insulating material such as silicon oxide Si02 silicon nitride 
Si3N4 to cover the source and drain electrodes 57 and 59 and the 
first insulating layer 51. The second insulating layer 61 on the 
drain electrode 59 is removed to form a contact hole 63. The 
pixel electrode 65 is formed from transparent and conductive 
material such as ITO (Indium Tin Oxide) or Tin oxide Sn02, so 
that it is connected to the drain electrode 59 through the 
contact hole 63 . 

In the first and second metal layers 43 and 45 constituting 
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the gate 49, each side portion of the first metal layer 43 having 
no portion of the second metal layer 45 thereon has a width that 
is preferably larger than about 0.5 fxm and less than about 2 /xm. 
Because the first metal layer 43 is wider than the second metal 
layer 45 by about 1.0 fim to 4.0 fxm, double step differences 
determined according to the relationship between the width of the 
first metal layer and the width of the second metal layer are 
formed between the gate 4 9 and substrate 41. The double step 
differences determined according to the novel features of the 
preferred embodiments of the present invention prevent 
deterioration of the coverage of the first insulating layer 51 
which deterioration occurs in prior art devices. The hillock in 
the first metal layer 43 is also avoidable because the width 
difference between the first and second metal layers 43 and 45 is 
between about 1 /xm to 4 /im. 

FIGS. 4A through 4F are diagrams illustrating the process 
for fabricating the thin-film transistor of the preferred 
embodiments of the present invention. 

Referring to FIG. 4A, metal such as Al, Cu, or Au is 
deposited on a substrate so as to form a first metal layer 43. A 
second metal layer 45 is formed from Mo, Ta, or Co and deposited 
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on the first metal layer 43 without performing a masking step 
between the step of depositing the first metal layer and the step 
of depositing the second metal layer. The first and second metal 
layers 43 and 45 are sequentially deposited so as to preferably 
have a thickness as large as about 500-4000A and 500-2000A, 
respectively, by means of sputtering or chemical vapor deposition 
(hereinafter, referred to as CVD) without breaking a vacuum 
state. As a result, the contact resistance between the first and 
second metal layers 43 and 45 is reduced. 

According to the preferred embodiments of the present 
invention, a single photoresist step is used to pattern both the 
first metal layer 43 and the second metal layer 45 
simultaneously. In the single photoresist step, a photoresist 47 
is deposited on the second metal layer 45 and then the 
photoresist 4 7 is patterned through exposure and development to 
have the width wl on a designated portion of the second metal 
layer 45. 

Referring to FIG. 4B, the second metal layer 45 is patterned 
with an etching solution preferably prepared with a mixture of 
phosphoric acid H3PO4, acetic acid CH3COOH and nitric acid HNO3, 
by means of a wet etching using the photoresist 47 as a mask. 
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Because the portion of the second metal layer 45 covered with the 
photoresist 47, as well as, exposed side portions of the second 
metal layer 45 are isotopically etched, the second metal layer 45 
is preferably patterned to have the width w2 which is narrower 
than the width wl of the photoresist 47 which is the same as the 
width wl of the first metal layer 43, that is, about 
1 ;xm < wl-w2 < 4 /im. Each side portion of the second metal layer 
45 preferably has a width larger than about 0.5 ^m and less than 
about 2 ixm. That is, the two side portions of the second metal 
layer 45 covered with the photoresist 47 are preferably etched to 
have substantially the same width as each other. The lateral 
surfaces of the second metal layer 45 are preferably etched to 
have a substantially rectangular or inclined shape. 

Referring to FIG. 4C, the first metal layer 43 is patterned 
via a wet etching having anisotropic etching characteristic such 
as reactive ion etching (hereinafter, referred to as RIE) by 
using the photoresist 47 as a mask. When etching the first metal 
layer 43 other than the portion of the layer 43 covered with the 
photoresist 47, the first metal layer 43 preferably has the same 
width wl of the photoresist 47. Thus, patterning of the first 
and second metal layers 43, 45, respectively, only requires two 
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etching steps and does not require baking of the photoresist 
before each step of etching. Also, the relation between the 
first and second metal layers 43 and 45 also may be represented 
by about 1 fim < wl-w2 < 4 //m. 

The first and second metal layers 43 and 45 resulting from 
the single photoresist step process described above form a gate 
49 having a double- layered metal structure. The gate 49 has the 
second metal layer 45 positioned substantially in the middle of 
the first metal layer 43 so that the each side portion of the 
first metal layer 43 having no second metal layer 45 thereon is 
wider than about 0.5 /xm but narrower than about 2 /xm. The 



photoresist 47 remaining on the second metal layer 45 is removed 
after the two etching steps are completed. 



Referring to FIG. 4D, a first insulating layer 51 is formed 



by depositing a single layer or double layers of silicon oxide 



Si02 or silicon nitride Si3N4 on the gate 49 and substrate 41 by 
CVD. Because each side portion of the first metal layer 43 having 
no second metal layer 45 thereon is wider than about 0.5 /xm, 
double step differences formed between the substrate and gate can 
prevent the coverage of the first insulating layer 51 from being 
deteriorated as in prior art devices. The hillock in the first 




metal layer 43 is also avoidable because a width of a portion of 
the first metal layer 43 which is exposed is less than about 
2 /xm. 

Amorphous silicon which is undoped and heavily doped 
amorphous silicon are sequentially deposited on the first 
insulating layer 41 by CVD, thus forming semiconductor and ohmic 
contact layers 53 and 55. The ohmic contact and semiconductor 
layers 55 and 53 are patterned by means of photolithography to 
^ expose the first insulating layer 51. 

ffl Referring to FIG. 4E, conductive metal such as Al or Cr is 

^ laminated on the insulating and ohmic contact layers 51 and 55 

f7 and patterned by photolithography to form source and drain 

electrodes 57 and 59. The ohmic contact layer 55 exposed between 

^ the source and drain electrodes 57 and 59 is etched by using the 

y3 

source drain electrodes 57 and 59 as masks. 

Referring to FIG. 4F, a second insulating layer 61 is formed 
by depositing insulating material such as silicon oxide or 
silicon nitride by CVD on the entire surface of the above 
structure. The second insulating layer is removed by 
photolithography to expose a designated portion of the drain 
electrode 59 and thus form a contact hole 63. Once transparent 
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and conductive material such as ITO (Indium Tin Oxide) or Tin 
oxide Sn02 is deposited on the second insulating layer 61 via 
sputtering and patterned by photolithography, a pixel electrode 
65 is formed so that it is electrically connected to the drain 
electrode 59 through the contact hole 63. 

In another preferred embodiment of the present invention, 
the first and second metal layers 43 and 45 are first etched by 
means of a dry etching having anisotropic etching characteristic 
such as RIE by using the photoresist 47 as a mask. The gate 49 
is formed by etching the second metal layer 4 5 under the 
photoresist 47 with an etching solution prepared with a mixture 
of phosphoric acid H3PO4, acetic acid CH3COOH and nitric acid 
HNO3 . 

In still another preferred embodiment of the present 
invention, the gate 49 is formed through a single etching step 
process for etching the first and second metal layers 43 and 45 
simultaneously and via a single etching step, where the second 
metal layer 45 is etched more quickly than the first metal layer 
43 with an etching solution prepared with a mixture of phosphoric 
acid H3PO4, acetic acid CH3COOH and nitric acid HNO3 . Because of 
the etching material and metals used for the first and second 
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metal layers of the gate, only a single etching step is required. 
Despite the fact that a single etching step is used, it is still 
possible to obtain the relationship between the widths wl and w2 
of the first and second metal layers described above. In this 
process, the first and second metal layers forming the gate 4 9 
are formed and patterned with a single photo resist step as 
described above and a single etching step. 

As described above, in the preferred embodiments of the 
present invention, the first and second metal layers are 
sequentially deposited on the substrate without performing a 
masking step between the step of depositing the first metal layer 
and the second metal layer, followed by forming a photoresist 
that covers a designated portion of the second metal layer. In 
one preferred embodiment, the second metal layer is wet etched by 
using the photoresist as a mask but the first metal layer is dry 
etched. As a result, the double-metal gate is formed. In 
another preferred embodiment, a single etching step is used to 
form the double-metal gate wherein both the first metal layer and 
the second metal layer are wet etched, but the different in 
etching rates of the first and second metal layers produces 
different etching affects which result in the desired double-step 



structure . 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, it 
will be understood by those skilled in the art that the foregoing 
and other changes in form and details may be made therein without 
departing from the spirit and scope of the invention. 
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